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(571 ABSTRACT 

Frame synchroni^gon for a binary data signal having a multi- 
frame including NKffenes«|^ach of the frames including M 
channels and a first sync signal, at least one of the channel 



^iSJiSiSlSJliSi"^ in each of the frames a different one of 
^ubctiaBSSE^nals and a second sync signal is accomplished 
by employing two sync signal detectors, one being responsive 
to the first sync signal and a first predetermined local timing 
signal therefor to provide a first control signal indicative of the 
phase relation between these two signals and the other being 
r^ponsive to the second sync signal and a second predeter- 
mined local liming signal therefor to provide a second control 
signal indicative to the phase relation between these two 
signals. The two control signals are samples by two different 
sampling circuits. The outputs of the sampling circuits are ap- 
plied to two different decision circuits whose outputs control 
the timing of two cascade connected digital counters and lim- 
ing signal generators used to generate necessary liming signals 
iiicluding the two predetermined local liming signals. The first 
digital counter and generator is driven by a bit rate clock 
which is inhibited when the decision circuit associated 
therewhh indicates an oui-of-sync condition. The second 
digital counter and generator is driven by a frame rate clock 
from the first counter and generator which is inhibited when 
the decision circuit associated therewith indicates an out-of- 
sync condition. In one embodiment, the decision circuits are 
dual integrators each generating two signals to separately con- 
trol the inhibiting when required. In another embodiment, the 
decision circuits are single integrators each producing one 
signal to control the inhibiting when required, the signal of the 
decision circuit associated with the second sync signal being 
connected in a cooperating manner with the signal of the deci- 
sion circuit associated with the first sync signal to control the 
inhibiting of the bit rate clock. 

7 Claims, 8 Drawing Figures 
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FRAME SYNCHRONIZATION SYSTEM BRIEF DESCRIPTIGN OF THE DRAWING 

BACKGROUND OFTHE INVENTION The above-mentioned and other features and objects of this 

This invention relates to time division multiplex (TDM) bi- will become more apparent by reference to the fol- 

nary data communication systems and more particularly to a ^ description taken in conjunction with the accompany- 

frame synchronization system therefor. '"^ drawmgs. m which: 

There are certain TDM communication systems which em- ^ ^^'^p "® diagrams useful in explaining the format 

ploy a long and complex binary data format comprising a mul- "^^^^ synchronizaUon 

tiframe including N frames with each of the frames including . ^ '^'if f .^^"^ K^^"^ invenUon will operate; ' 

M channels with at least one of these channel signals including u ^ diagram of one embodiment of the frame 

in each of the frames a different one of N subchannel signals sypchromzation system in accordance with the principles of 

This type of format would be found in communication systems "^^"i^enuon; 

wherein the subchannel signals are conuol signals used in the *^ diagram of another embodiment of the 

receiver of the system to control the derauitiplexinc of the ^^me synchronization system in accordance with the princi- 

frame signals in the multiframe format. Another type of com- ^^%r^^ present in vention; 

munication system in which such a complex format would be . f ^ diagram of one form of the single decision 

employed is a system for handling multiple rate data wherein '""p T-^^^^^^f* ™* 

the higher speed data is transmitted as the channel signals of . • . ^ diagram illustrating one form of the dual 

the frames and lower speed data is transmitted as the subchan- 20 employed in FIG. 2; 

nels of the plurality of frames or a mulUframe. * ^ ^ ^^^^'^ diagram illustrating one form of sync signal 

It has been the practice in the past where the multiframe w*"ch may be employed for detector 7' of FIGS. 2 

format is present in a communication system, particularly ^'^"3. 

those employed with the dual rate data, to employ a single DESCRIPTION OFTHE PREFER RFH PMnnniMPMTc 

synchronization signal to achieve desired frame synchroni^- 25 '"^ ™ PREFERRED EMBODIMENTS 

tion. The timing signals for the rapid and slower speed data FIGS. lA-lB illustrate long and complex digital formats 

channels are synchronized by synchronizing a master clock employing two frame synchronization codes upon which the 

signal to the bit rate and then employing digital frequency frame synchronization system of this invention operates. As 

dividers and decoders associated therewith to generate the mentioned above, a typical situation employing such a format 

necessary timing signals for demultiplexing the complex TDM " ^ digital demultiplexer where received data is demultiplexed 

or separated into channels, and one or more channels are sub- 

SUMM ARY OF THE IN VFMTinM dernultiplexed into subchannels. The data is typicaUy arranged 

:>UMMARY OFTHE INVENTION by frames within multiframes as shown in RG. lA. The Orst 

An object of this invention is to provide a frame 35 ^?^® ^ ^ repeated once per frame as illustrated in FIG. 

synchronization system for long and complex binary data for- ^^"^ associated framing circuit will ena- 

mats which includes therein two frame synchronization codes demultiplexer to locate each channel within the frame, 

instead of one. but will not allow one frame to be recognized as different from 

Another object of the present invention is to provide a another frame. Assume that there is a special control channel, 

frame synchronization system responsive to two frame 40 ^ SCin FIG. IB. which issubmul- 

synchronization codes included in the complex binary data ^iplexed. Then a typical submultiplexing format is shown in 

format, said system having an average time to acquire ^}^' which shows only the SC channeU within one mul- 

synchronization which is considerably shorter than the time tiframe. A second sync code within this submultiplexed chan- 

required for prior art frame synchronization systems to format and an associated framing circuit will allow the 

acquire synchronization. 45 demultiplexer to locate each subchannel within the mul- 

Still another object of the present invention is to provide a tiframe. The second framing circuit can be synchronized more 

frame synchronization system including two framing circuits, quickly by sampling only the SC bits, because the bits of the 

one circuit responding to a first sync code and the other cir- second sync code are SC bits. The second framing circuit can- 

cuit responding to a second sync code in the complex binary not be synchronized, however, until the first framing circuit is 

data format, with an interlock between these two circuits synchronized, thus correctly locating the SC bits. The formats 

enabling a reduction in hardware to implement the frame shown in FIGS. lA. IB and IC are only typical samples The 

synchronization system. only real assumption made here is that there is a first sync 

A feature of the present invention is to the provision of a code repeated once every-M-daU bits, which is called a frame 

frame synchronization system for a TDM binary data signal herein, and a second synccoaeVepeated once evew-N^^^^ 

having a multiframe including N frames, each of the N frames (MN bits), which is called a multifi^me herein. ' 

including M channel signals and a first sync signal, at least one For purposes of explanation only, it will be assumed that 

of the channel signaU including in each of the N frames a dif- sync code 1 is a "0," " 1 " pattern continually repeated in the N 

ferent one of (N-1) subchannel signals and a second sync frames of the multiframe. SynchronizaUon to this code 

signal, where M and N equal integers greater than one. com- synchronizes the frame channels and locates odd and even bits 

pnsing a first source of the data signal; first means to produce of the SC channel which may include control channels and 

timmg signals including a first predetermined timing signal for sync code 2. It is assumed that sync code 2 is a 0000 1111 word 

the first sync signal and a second predetermined timing signal continually repeated every multiframe. 

for the second sync signal; second means coupled to the first Referring to FIG. 2. there is illustrated therein in block dia- 
source and the first means responsive to the data signal and 55 gram form one embodiment of the frame synchronization 

the first and second predetermined timing signals to produce a system in acconiance with the principles of this invention 

first control signal mdicative of the phase relationship Qock 3 provides a clock signal CLKl at the bit rate of the 

between the first predetermined timing signal and the first multiframe with this clock signal being synchronous with the 

sync signal and a second control signal indicaUve of the phase received data signal from source 4. This synchronization 
relationship between the second predetermined Uming signal 70 between clock signal CLK 1 and the received dau can be ob- 

and the second sync hronmng signal and third means coupled lained by any weU known bit synchronizaUon arrangement 

to Uie second mearjs and the first means responsive to the first such as. for instance, a phase locked loop type circuit The 

and second control signals to control the phase of the timing output from source 3 trigger a divide by M counter in dieital 

So'n^^^^^^^^ 7, ~ ^"^^^ sign^decoder-generator^^^^^^^^^^^^ 
synchronization. 75 inhibited by halt signal HI appUed to AND gate 6 through 
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NOT gate 10, Counter-generator 5 generate frame timing Detector 7' includes therein, due to its internal wiring cir- 
signals. mcluding a frame rate clock CLK 2. which locates the cuitry thai will detect the entire code, allowing up to some 
SC bits of each frame. Other timing signals generated are number of bit mismatches per code, according to the detector 
smiilar to those disclosed in my copending applications, Ser. threshold. Detector 7' is coupled to source 4 and produces a 
No. 780.981 now U.S. Pat. No. 3,594,502, issued July 20. 5 mismatch output signal MMF2 which is coupled to sampling 
1971, and Ser. No. 781.181 now U.S. Pat. No. 3.597.539. is- circuit 8' having the same arrangement for producing signals 
sued Aug. 3. 1971, identified therein as sync time signal ST. MS2 and MM2 as described with reference to sampling logic 
hall time signal HT, triggering signal SHC and triggering signal 8. The output from sampling 8' is coupled to dual decision cir- 
MT. The NfT signal is produced by AND gating the bit rate cuit 9' producing the search level signal SL2 and search mode 
clock CLK 1 with the sync Ume signal ST. The SHC signal is signal SM2 for application to AND gate 11' whose output is 
produced by OR gating the halt signal H with the sync time coupled to NOT gate 10'. 

signal ST and AND gating the output of the OR gate with the Detectors 7 and 7', as is apparent from above, are two dif- 
bit rate clock signal CLKl in copending application Ser. No. ferent types of circuits. Detector 7 compares the input data 
781,181. On the other hand the SHC signal in the copending with a reference signal that describes the sync code, that is, 
application Ser. No. 780,98 1 is produced by OR gating the ST the sequence of bit values. However, with detector 7' the 
signal with shift register timing signal SH and AND gating the description of the sync code is built into the sync code de tec- 
output of the OR with the bit rate clock signal CLKl. tor. and no references signal is required. Detector 7 indicates 

Counter-generator 5 also produces as one of its timing ^ match for each bit of the code, but detector 7' indicates a 
signals a reference signal REF 1 for the first sync code con- 20 "*^tch for the entire code, allowing up to some number of bit 
tained in the data from source 4. As disclosed in the above mismatches per code according to the detector threshold. For 
mentioned copending applications the signal REFl is a square detector 7. the phase of the reference signal is corrected by 
wave having a repetition frequency equal to one-half the searching action. For detector 7', however, there is no ex- 

frame repetition frequency when employing as the first sync temal reference signal and the timing signals used in the exam- 
code the **1.*'**0" pattern in adjacent frames. 25 P'® (EBT and OBT) are not changed by the framing circuit 

Sync code 1 detector 7 compares the data signal and REFl coupled to generator S\ but are synchronized by the framing 
signal and generates a signal MMF 1 which indicates circuit coupled to generator 5. Timing signals EBT and OBT 
mismatches between the data signal and the reference signal specify the timing of the SC channels, of which sync code 2 is 
REF 1. A mismatch is a binary '* and a match produces a bi- °"'y ^ Pe- 
nary "0." With the first sync code and REFl signal as assumed description of the two detectors 7 and 7' detecting sync 
above, detector 7 could be in the form of an EXCLUSIVE OR ^^^^ ' ^y^^ ^' respectively, are only by way of exam- 
gate. The output signal MMFl from detector 7 is coupled to P'^* should be understood that the techniques of this inven- 
sampling logic 8 which may be in the form of two fiip flops, equally applicable to use of any type of code for sync 
such as flip flops 8 and 19 of the above identified copending ^^^^ * ^' of either type of detector for sync 
application Ser. No. 781.181 or fiip flops 8 and By of the ^ ^' choices being determined primarily by 

above identified copending application Ser. No. 780,981. system requirements. 

Logic 8 samples the mismatch signal MMFl at regular inter- V^'^ ^ ^ respects and operates ex- 
vals and is applied to dual decision circuit 9. The halt signal ^5^*y RG. 2 with the exception that the MM output 
HI is produced having a high value only when halt timing 40 ^"""^ T^i"® coupled to "single- 
signal HTl, mismatch sample signal MSI. search level signal ^T^^" c.mnts 12 and 12'. In addition, timing signal MT is 
SLl , and search mode signal SMI all have a high value to ena- T'' ^ decision circuits 12 and 12' and there is no 
ble AND gate II. Typically, signal MSI is identical to MMl, T c,*'-J"^"' "^''^^^ 
However, when either of the techniques described in the n il w^^L ANdT 1^^^^ 
above mentioned copending applications are used, sienal MSI 45 r. u u u ^fi^^^**; _ 
includes samples in addition ,0 those of signal MMl. The SL J^A^^^^i^tl^^V'' ^ ".TT^L"^ "h^^" l*"." ^ 
signal indicated when the rate of mismatches has exceeded a ^a^ef!'": * \,^^u ^u^^Jl f^^n*" "'''"^^ 
certain level, thus perraitting searching, that is. halting of the ^^i!™ "tZ I ?• v^^l^ ° ^"'^ NOT gates 

„f , r s . 5 u perform the same function as a NAND gate and, thus, a 

the dul ^'^ To K adjust their phase With NAND gate could be substituted for these two gate element . 

/n^ltn H /''""^ I'^'J P™"* « P<'int of view, the average rate of 
generated, indicating when the decision circuit is in a state mismatches ner <;flmnl*MRnr ^ionaU mmi o«h mItTL 
called "search mode- which also permits searching. mismatches per sample for signals MMl and MM2 has an ex- 
it *hn.,M n«,*.H tK I ft J u,'^ 1^ r^xr^ n pcctcd valuc higher than some rate referred to here n as the 
It snoum be noted that the left and nghi sides of FIG. 2 are •'tK«eK«M «^ru«u r* u 
c;«,n«r c«^u u« *• • • -* -nf r . . threshold probability" when the counters are not 

de^lri^^^^^^ '^"Ti fr™>^g 55 synchronized, and the average mismatch rate is expected to be 

drnd^tenl™^^' "^''If' Digital counter and Ummg Signal 55 ^ ^ ^^t^^^oM probability" when tiie counters are 

decoder-generator 5 mclud^ a divided by N counter to count synchronized. The decision circuits 9, 9'. 12 and 12' of FIGS 

it in?nf .^^^tH "''n '"^'f 2 and 3 use the above principle to judge whether or not the at 

the operation of AND gate 6 m the presence of a halt signal sociated counters are synchronized; or. in other words 

H2. The circuitry m counter-generator 5' produces mul- whether or not the presem frame phase is correct 
tiframe timing signa s and the circuitry associated therewith FIG. 4 shows a single decision circuit, which is an integrator 

synchronizes the multiframe timing in a manner similar to the or betting circuit, that may be employed for circuits 12 and 

frame timing just descnbed. The timing signals HT2. SHC2 12' of FIG. 3 which accomplished the above-mentioned func- 

and MT2 are produced as descnbed above with reference to tion. This circuit is called a "betting" circuit because the 

counter-generator 5. but with the clock pulse in thU situation ^5 operation of the circuit from a statistical point of view is ex- 

bemg clock CLK2. Generator S' in addition to the above tiro- actly analogous to a type of betting situation. Amplifiers 13 

mg signaU also produces two timing signals to control the and 14 are high gain differential amplifiers. Amplifier 13 

operauon of sync code 2 detector 7', These two timing signals capacitor CI and resistor Rl together form a Miller type in- 

are the odd bit Ummg signal OBT and the even bit timing tegrator with a time constont equal to R, C;. When signal MM 

signal EBT. These two timing signals are produced by AND 70 is a 'M," indicating a mismatch, the voltage E. goes down at a 

gating reference signal REFl. the bit rate clock CLKl and the certain rate. When signal MM is -^O" for a match, voltage E, 

bit timing signal for the SC channels. Detector 7' is more com- goes up at another rate. The fixed bias voltage V, determines 

plex than detector 7 due to the type of sync code employed for the ratio of the up and down rates, and thereby also deter- 

the second sync signal. One embodiment for this detector is mines the threshold probability of the circuit. When the 

disclosed in FIG, 6 described hereinbelow. 75 mismatch rate exceeds the threshold probability, voltage E, 



01/16/2004, EAST Version: 1.4,1 



3,662,114 

5 6 

goes down more ihan up; and when the mismatch rate is less search circuit 19. Amplifiere 20 and 21 are arranged as shown 

than the threshold probability, the voltage E, goes up more to set and reset mode flip flop 22 as follows. 

than down. When synchronization is lost, the average mismatch rate ex- 

The above statements, however, ignore limitations on the ceeds the threshold probability set by bias voltage V,, voltage 

voltage E,. No amplifier can either increase or decrease its 5 E, goes down more than up, and eventually voltage E, 

output voltage without limit. At some point, the voltage can becomes less than bias voltage V4. causing voltage E, to 

change no further. TTius. voltage Ei is limited to some range by become high and setting mode flip flop 22 to provide a " I " at 

the amplifier itself. The value of the lower limit is important to the '* 1 " output thereof. The output signal SM is equal to ** I 

the relationship of the integrator to amplifier 14, and in the representing the search mode, and enables searching to begin, 

case that the lower limit due to amplifier 13 is not stable with ^0 Since search circuit 19 has a smaller time constant, voltage 

regard to circuit tolerances, a more stable limit may be will go down fester and sooner than E, and the SL output from 

defined by providing clamp circuit IS as iUustraled. Clamp high gain differential amplifier 23 will become "I," before 

circuit 15 provides negative feedback when the limiting volt- signal SM becomes " 1.*' Since both output signals SL and SM 

age is reached. are required to enable searching (note AND gates U and 1 T 

Amplifier 14 is used as a voltage comparator. Its output SL of FIG. 2), the slower circuit, namely, sense circuit 17. deter- 

is high (logical "T') when voltage E, is lower than the bias mines the sense time, or the time for response to a loss of 

voltage Vj and output SL is low (logical *'0") when voltage E, synchronization. 

is higher than bias voltage V,. Bias voltage is a fixed voltage During the search for the correct phase, search circuit 19 

between the upper and lower limits of voltage Ei, but closer to and the voltage comparator provided by differential amplifier 

the lower limit. 23 operate in a manner similar to the simple betting circuit of 

The framing circuit works in two modes. In the sense mode, FIG. 4. When the frame phase is correct, the average 

it is assumed that the phase of the counters has been cor- mismatch rate is less than the threshold probability set by bias 

rected, and the betting circuit must detect whether the frame voltage V^, E, goes up more than down, and eventually 

phase is now incorrect (loss of synchronization). In the search 25 becomes higher than voltage Vg, causing voltage E, to become 

mode, it is assumed that the frame phase has been incorrect. high and to reset mode flip flop 22 to "0," which represents 

Adjustment of the phase is made, and the betting circuit must the sense mode. 

decide whether the frame phase is now correct. Both modes Since the sense circuit is slower, voltage Ej cannot go up as 

must be considered in the design of the betting circuit. fast as voltage E4, and there is a possibility that soon after 

For the sense mode, it is often required that the response of 30 acquiring synchronization, when voltage E, is low and not yet 

the betting circuit must be slow. This guards against signal fad- up to the upper limit voltage, that a short fade can make the 

ing. such as encountered in tropospheric scaUer radio commu- framing circuit lose synchronization, because voltage £3 being 

nications. Fading of the received signal commonly causes the low will make the response time of the sense circuit 17 shorter 

mismatch rate to exceed the threshold probability. This causes than normal. To avoid this problem, the "0** output of flip flop 

the betting circuit to decide that the frame phase is incorrect, 35 22 is coupled back to the negative or inverting input of ampli- 

when indeed it is correct. This allows the framing logic to fier 16 through diode 24. During sense mode, the "0" output 

search, that is, adjust the phase, and the first adjustment will of flip flop 22 is high, reverse biasing diode 24, and having no 

make the phase incorrect. If, however, the response of the effect on sense circuit 17. During search mode, when sense 

betting circuit is slow compared to the duration of a fade, the circuit 17 is not being used, the "0" output of flip flop 22 is 

fade will cease before an erroneous decision can be made. 40 low, forward biasing diode 24. and drawing current from the 

For the search mode, it is typically required that the inverting input of amplifier 16. The low source impedance of 

response of the betting circuit must be fast. This is an impor- this signal enables voltage E, to be rapidly set to its upper limit 

tant factor in reducing the average search time (time to voltage. 

acquire synchronization), since the betting circuit makes By clocking flip flop 22 with the frame timing signal MT. 

many decisions during a search. 45 flop 22 will change state synchronously with the counters. 

The conflictmg (but not contradicting) requirements that However, the timing signal MT is necessary only if the type of 

the response of the betting circuit must be slow for the sense flip flop used requires a clock pulse, 

mode and fast for the search mode means that it must take a According to the present invention, it has been found that 
long time for voltage Ei to decrease from its upper limit to two simple betting circuits can be used in a frame synchroniza- 
voltage Vj and a short time for voltage E, to increase from its tion system as illustrated In FIG. 3, instead of two dual betting 
lower limit to voltage V3. To satisfy both requirements, volt- circuit as shown in FIG. 2. and yet retain the advantage of the 
age Vj must be much closer to the lower limit voltage than the dual betting circuit, provided the two framing circuits are in- 
upper limit voltage, and voltage must be set as high as terlocked as shown in FIG. 3 by coupling the SL2 output of 
possible, making the threshold probability as close as possible circuit 12' to AND gate 11 as well as AND gate 11'. This 
to the lowest mismatch rate expected for an incorrect phase. results in a saving of six differential amplifiers, two flip flops 
However, consideration of component variations and power and other associated components. 

supply voltage that might cause the voltages V„ V, or the Betting circuit 12' receives samples at a slower rate than 

clamp voltage to change with time or temperature place a belting circuit 12. because clock CLK 2 is slower and the sync 

limit on how accurately Vj and V2 may be set witiiout making code is distributed over a longer period of time (a mul- 

a functional failure probable. The result is that in some cases a tiframe). Thus, it is easier for betting circuit 12' to have a long 

simple betting circuit cannot satisfy both of the stated require- sense time, that is. a slow response in the sense mode. The first 

framing circuit can be protected by this same slow response by 

FIG. 5 illustrates a dual decision circuit which is a dual in- connecting signals SL2 as well as SLl to AND gate 11. Thus 

tegrator or betting circuit, avoiding tiie above problem. The 65 when the mismatch rates are higher than threshold, the first 

input MM operates. two integrator circuits. The integrator framing circuit ml] not halt even when betting circuit 12 

composed of high gain differential amplifier 16. resistor Rj responds quickly and SLl soon becomes "I.*' Halting begins 

and capacitor Q is in the sense circuit 17 and the integrator only after SL2 becomes *' I 

composed of high gain differential amplifier 18, resistor R3 With regard to FIGS. 2 and 3 detector 7 has been indicated 

and capacitor Q is in the search circuit 19. The time constant 70 to be merely an EXCLUSIVE OR gate. The reference signal 

R2 Ci is made large to increase the sense mode response, and REFl is a timing signal which has the same binary value as the 

the time constant R, Q is made small to decrease the search first sync signal when tiie phase of counter-generator 5 is cor- 

mode response. High gain differential amplifier 20 provides a rect The EXCLUSIVE OR gate compares all muUiframe data 

voltage comparator for sense circuit 17 and high gain dif- bits with this reference value. Detector 7' required to detect 

ferential amplifier 21 provides a voltage comparator for 75 tiie second sync code, which has been assumed to be eight bits 
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long with a predetermined sequence of binary " 1 "'s and bi- 
nary *'0"% is more complicated. This detector ts illustrated in 
detail in FIG. 6. The data from source 4 is coupled to delay flip 
flop 25» which might also be called a one bit shift register. Flip 
flop 25 in addition to the first flip flop shift register 26 sample 5 
the data signal. The timing signal OBT coincidmg with the odd 
SC bits and timing signal and EBT coinciding with the even SC 
bits are produced in counter-generator S' as described above. 
Delay flip flop 25 samples only the odd SC bits because it 
receives the odd timing signal. Its output is transferred to the 
four bit shift register 26 by the even timing signal. As a result 
the odd SC bits passing through delay flip flop 25 encounters a 
delay of one SC bit period and are brought into step with the 
even SC bits. The odd SC bits are shifted down shift register 
26 and the even bits are shifted down the four bit shift register 
27, The shifting rate is one shift per two SC bits. Thus, all of 
the SC bits pass through the two shift registers, which serve to 
hold the data for inspection. 

When the eight bit synchronization code word ftilly occu- 20 
pies the two shift registers, and there are no bits in error (due 
to noise), the detector indicates a match. To accomplish this, 
there is one flip flop in shift registers 26 and 27 associated with 
each bit of sync code 2. If the sync bit is ** 1 the *' T* output of 
the associated flip flop of the shift registers is wired to 25 
summing circuit 28. For a '*0*' sync bit. the "0" output of the 
associated flip flop of the shift registers is wired to summing 
circuit 28 to get a *M" level when the '*0" code bit resets the 
associated flip flop. This is the wiring that describes the sync 
code internal to the sync code detector. Summing circuit 28 30 
receives eight ** 1 "*s when the shift registers hold the exact 
sync word. If n bits are in error due to noise, or because the 
bits are not part of the second sync code, or because the sync 
bits are not in their proper positions in the shift registers, 
summing circuit 28 will receive n '*0"*s and (S—n) *' P"s. 35 
Summing circuit 28 generates a voltage proportional to the 
number of "zeroes" or bit errors. It may also be inverting. Bias 
source 29 generates a voltage which, by the same proportional 
scale, is equivalent to (y - 0.5) bit errors, where y is the code 
mismatch threshold. Voltage comparator 30 indicates a code 
mismatch when the number of bit errors exceeds (y — 0.5 ). 

While I have described above the principles of my invention 
in connection with specific apparatus, it is to be clearly un- 
derstood that this description is made only by way of example. 

I claim: ^5 

1. A frame synchronization system for a time division mul- 
tiplex binary data signal having a multiframe including N 
frames, each of said N frames including M channel signals and 
a first frame sync signal, at least one of said M channel signals 
including in each of said N frames a different one of (N-I) 
subchannel signals and a second frame sync signal, where M 
and N equal integers greater than one, comprising: 

a first source of said data signal; 

first means to produce timing signals including a first ^5 
predetermined timing signal for said first sync signal and a 
second predetermined timing signal for said second sync 
signal; 

second means coupled to said first source and said first 
means, said second means being responsive to said data ^ 
signal and said first and second predetermined timing 
signals to produce a first control signal indicative of the 
phase relationship between said first predetermined tim- 
ing signal and said first sync signal and a second control 
signal indicative of the phase relationship between said 65 
second predetermined timing signal and said second sync 
signal; and 

third means coupled to said second means and said first 
means, said third means being responsive to said first and 
second control signals to control the phase of said timing 70 
signals with respect to said data signal to establish and 
maintain frame synchronization; 

said first means including 
a second source of bit rate clock synchronous with the 
bits of said data signal; 75 
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a first divider and timing signal generator to provide said 
first predetermined timing signal, certain others of said 
timing signals and a frame rate clock; 
first logic circuitry coupled between said second source 
and said first divider and generator responsive to the 
output of said third means to control the coupling of 
said bit rate clock to said first divider and generator to 
control the phase of said certain others of said timing 
signals, said first predetermined timing signal and said 
frame rate clock; 
a second divider and timing signal generator to provide 
said second predetermined timing signal and additional 
ones of said timing signals; and 
second logic circuitry coupled between said first and 
second divider and generator responsive to the output 
of said third means to control the coupling of said 
frame rate clock to said second divider and generator 
to control the phase of said additional ones of said tim- 
ing signals and said second predetermined timing 
signal; 

said first logic circuitry including 
a first NAND gate coupled to said third means, and 
a first AND gate coupled to said first NAND gate and 
between said second source and said first divider and 
generator; and 
said second logic circuitry including 
a second NAND gate coupled to said third means, and 
a second AND gate coupled to said second NAND gate 
and between said first and second divider and genera- 
tors. 

2. A frame synchronization system for a time division mul- 
tiplex binary data signal having a multiframe including N 
frames, each of said N ft-ames including M channel signals and 
a first frame sync signal, at least one of said M channel signals 
including in each of said N frames a different one of (N-1 ) 
subchannel signals and a second frame sync signal, where M 
and N equal integers greater than one, comprising: 
a first source of said data signal; 

first means to produce timing signals including a first 
predetermined timing signal for said first sync signal and a 
second predetermined timing signal for said second sync 
signal; 

second means coupled to said first source and said first 
means, said second means being responsive to said data 
signal and said first and second predetermined timing 
signals to produce a first control signal indicative of the 
phase relationship between said first predetermined tim- 
ing signal and said first sync signal and a second control 
signal indicative of the phase relationship between said 
second predetermined timing signal and said second sync 
signal; and 

third means coupled to said second means and said first 
means, said third means being responsive to said first and 
second control signals to control the phase of said timing 
signals with respect to said data signal to establish and 
maintain frame synchronization; 
said second means including 

a first detector coupled to said first source and said first 
means, said first detector being responsive to said first 
predetermined timing signal and said data signal to 
produce said first control signal, and 
a second detector coupled to said first source and said 
first means, said second detector being responsive to 
said second predetermined timing signal and said data 
signal to produce said second control signal; 
said first sync signal including 
a binary " 1 *' and a binary "0" in alternate ones of said N 
fi^mies; 

said first predetermined timing signal including 
a square wave having a repetition frequency equal to one 
half the repetition fiequency of said N frames; 
said second sync signal including 
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m consecutive bits having a predetermined sequence of 

binary and binary "0/* where m is an integer 

greater than one; 
said second predetermined liming signaJ including 
a third predetermined liming signal having a timing cor- 5 

responding to the odd bits of said m consecutive bits. 

and 

a fourth predetermined timing signal having a timing cor- 
responding to the even bits of said m consecutive bits; 
said first detector including 10 
an EXCLUSIVE-OR gate coupled lo said ttrst source and 
said first means responsive to said data signal and said 
square wave to produce said first control signal; 
said second detector including 
a delay flip flop coupled to said first source and said first 1 5 
means responsive to said data signal and said third 
predetermined timing signal, 
a first mil stage shift register coupled lo said flip flop and 
said first means responsive to the output of said flip flop 
and said fourth predetermined timing signal, 20 
a second m/2 stage shift register coupled to said first 
source and said first means responsive to said data 
signal and said fourth predetermined timing signal, 
a summing circuit coupled to each stage of each of said 

first and second shift registers, and 25 
voltage comparison means coupled to the output of said 
summing circuit to produce said second control signal. 
3. A frame synchronization system for a time division mul- 
tiplex binary data signal having a multiframe including N 
frames, each of said N frames including M channel signals and 
a first frame sync signal, at least one of said M channel signals 
including in each of said N frames a different one of (N-1) 
subchannel signals and a second frame sync signal, where M 
and N equal integers greater than one. comprising: 
a first source of said data signal; 

first means to produce timing signals including a first 
predetermined liming signal for said first sync signal and a 
second predetermined timing signal for said second sync 
signal; 

second means coupled to said first source and said first 
means, said second means being responsive to said data 
signal and said first and second predetermined timing 
signals to produce a first control signal indicative of the 
phase relationship between said first predetermined tim- 45 
ing signal and said first sync signal and a second control 
signal indicative of the phase relationship between said 
second predetermined timing signal and said second sync 
signal; and 

third means coupled to said second means and said first 50 
means, said third means being responsive to said first and 
second control signals to control the phase of said timing 
signals with respect to said data signal to establish and 
maintain frame synchronization; 
said third means including 55 
a first sampling circuit coupled to said second means to 
sample said first control signal to provide a first output 
signal coupled to a first portion of said first means and a 
second output signal, 
a first dual integration circuit coupled lo said first sam- 60 
pling circuit responsive to said second output signal to 
provide third and fourth output signals coupled to said 
first portion of said first means, 
a second sampling circuit coupled to said second means 
to sample said second control signal to provide a fifth 65 
output signal coupled to a second portion of said first 
means and a sixth output signal, and 
a second dual integration circuit coupled to said second 
sampling circuit responsive to said sixth output signal 
to provide seventh and eighth output signals coupled to 70 
said second portion of said first means, 
said first, third, fourth, fifth, seventh and eighth output 
signals cooperating to control the phase of said timing 
signals to establish and maintain synchronization. 
4. A system according to claim 3. wherein 75 
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each of said first and second integration circuits includes 
a flip flop having a SET input, a RESET input, a " I" out- 
put and a "0" output, said 1 " output providing one of 
said third and seventh output signal, 
a sense circuit having 
a first bias source, 

a first resistor coupled to one of said first and second 

sampling circuitries 
a second bias source, 

a first differential amplifier having its positive input 
coupled to said first bias source and its negative input 
coupled to said first resistor, 
a first capacitor coupled between the output and nega- 
tive input of said first amplifier, 
a second differential amplifier having its negative input 
coupled to the output of said first amplifier, its posi- 
tive input coupled to said second bias source and its 
output coupled lo said SET input, and 
a diode coupled between said *'0" output and the nega- 
tive input of said fu^t amplifier poled to be reverse 
biased when the output of said *'0*' output is high and 
to be forward biased when the output of said "0" 
output is low. 

the value of said first resistor and said first capacitor 
providing a large lime constant for said sense circuit, 
and 

a search circuit having 
a third bias source, 

a second resistor coupled to said one of said first and 

second sampling circuitries, 
a fourth bias source, 
a fifth bias source. 

a third differential amplifier having its positive input 
coupled to said third bias source and its negative 
input coupled to said second resistor, 

a second capacitor coupled between the output and 
negative input of said third amplifier, 

a clamp circuit coupled between the output and nega- 
tive input of said third amplifier. 

a fourth differential amplifier having its positive input 
coupled to the output of said third amplifier, its nega- 
tive input coupled to said fourth bias source and its 
output coupled to said RESET input, and 

a fifth differential amplifier having its positive input 
coupled to said fifth bias source, its negative input 
coupled to the output of said third amplifier and its 
output providing one of said fourth and eighth output 
signals, 

the value of said second resistor and said second 
capacitor providing a small time constant for said 
search circuit. 

5. A frame synchronization system for a time division mul- 
tiplex binary data signal having a multiframe including N 
frames, each of said N frames including M channel signals and 
a furst ft-ame sync signal, at least one of said M channel signals 
including in each of said N frames a different one of (N-l ) 
subchannel signals and a second frame sync signal, where M 
and N equal integers greater than one, comprising: 

a first source of said data signal; 

.first means lo produce timing signals including a first 
predetermined timing signal for said first sync signal and a 
second predetermined timing signal for said second sync 
signal; 

second means coupled to said first source and said first 
means, said second means being responsive to said data 
signal and said first and second predetermined timing 
signals to produce a fu^t control signal indicative of the 
phase relationship between said first predetermined tim- 
ing signal and said first sync signal and a second signal in- 
dicative of the phase relationship between said second 
predetermined timing signal and said second sync signal* 
and 

third means coupled to said second means and said first 
means, said third means being responsive to said first and 
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second control signals to control the phase of said timing 
signals with respect to said data signal to establish and 
maintain frame synchronization; 
said third means including 
a first sampling circuit coupled to said second means to 5 
sample said first control signal to provide a first output 
signal coupled to a first portion of said first means and a 
second output signal, 
a first integration circuit coupled to said first sampling 
circuit responsive to said second output signal to pro- 
vide a third output signal coupled to said first portion of 
said first means, 
a second sampling circuit coupled to said second means 
to sample said second control signal to provide a fourth 
output signal coupled to a second portion of said first 
means and a fifth output signal, and 
a second integration circuit coupled to said second sam- 
pling circuit responsive to said fifth output signal to 
provide a sixth output signal coupled to said first and jq 
second portions of said first means, 
said first, third, fourth and sixth output signals cooperat- 
ing to control the phase of said timing signals to 
establish and maintain synchronization. 
6. A frame synchronization system for a time division raul- 25 
tiplex binary data signal having a multi-frame including N 
frames, each of said N frames including M channel signals and 
a first frame sync signal, at least one of said M channel signals 
including in each of said N frames a different one of (N— 1 ) 
subchannel signals and a second frame sync signal, where M 30 
and N equal integers greater than one, comprising: 
a first source of said data signal; 

first means to produce timing signals including a first 
predetermined timing signal for said first sync signal and a 
second predetermined timing signal for said second sync 35 
signal; 

second means coupled to said first source and said first 
means, said second means being responsive to said data 
signal and said first and second predetermined timing 
signals to produce a first control signal indicative of the 40 
phase relationship between said first predetermined tim- 
ing signal and said first sync signal and a second control 
signal indicative of the phase relationship between said 
second predetermined timing signal and said second sync 
signal; and 

third means coupled to said second means and said first 
means, said third means being responsive to said first and 
second control signals to control the phase of said timing 
signals with respect to said data signal to establish and 
maintain frame synchronization; 
said first means including 

a second source of bit rate clock synchronous with the 

bits of said data signal; 
a first divider and timing signal generator to provide said 
first predetermined timing signal, certain others of said 
timing signals and a frame rate clock; 
first logic circuitry coupled between said second source 
and said first divider and generator responsive to the 
output of said third means to control the coupling of 
said bit rate clock to said first divider and generator to 
control the phase of said certain others of said timing 
signals, said first predetermined timing signal and said 
frame rate clock; 
a second divider and timing signal generator to provide 65 
said second predetermined timing signal and additional 
ones of said timing signals; and 
second logic circuitry coupled between said first and 
second divider and generator responsive to the output 
of said third means to control the coupling of said 70 
frame rate clock to said second divider and generator 
to control the phase of said additional ones of said tim- 
ing signals and said second predetermined timing 
signal; 

said second means including 75 



a first detector coupled to said fiust source and said first 
divider and generator responsive to said first predeter- 
mined timing signal and said data signal to produce said 
first control signal; and 

a second detector coupled to said first source and said 
second divider and generator responsive to said second 
predetermined timing signal and said data signal to 
produce said second control signal; and 
said third means including 

a first sampling circuitry coupled to said first detector to 
sample said first control signal to provide a fust output 
signal coupled to said first logic circuitry and a second 
output signal; 

a first dual integration circuit coupled to said first sam- 
pling circuit responsive to said second output signal to 
provide third and fourth output signals coupled to said 
first logic circuitry; 
a second sampling circuit coupled to said second detector 
to sample said second control signal to provide a fifth 
output signal coupled to said second logic circuitry and 
a sixth output signal; and 
a second dual integration circuit coupled to said second 
sampling circuit responsive to said sixth output signal 
to provide seventh and eighth output signals coupled to 
said second logic circuitry. 
7. A frame synchronization system for a time division mul- 
tiplex binary data signal having a multiframe including N 
frames, each of said N frames including M channel signals and 
a first frame sync signal, at least one of said M channel signals 
including in each of said N frames a different one of (N— I ) 
subchannel signals and a second frame sync signal, where M 
and N equal integers greater than one, comprising: 
a first source of said data signal; 

first means to produce timing signals including a first 
predeternained timing signal for said first sync signal and a 
second predetermined timing signal for said second sync 
signal; 

second means coupled to said first source and said first 
means, said second means being responsive to said dau 
signal and said first and second predetermined timing 
signals to produce a first control signal indicative of the 
phase relationship between said first predetermined tim- 
ing signal and said first sync signal and a second control 
signal indicative of the phase relationship between said 
second predetermmed timing signal and said second sync 
signal; and 

third means coupled to said second means and said first 
means, said third means being responsive to said first and 
second control signals to control the phase of said timing 
signals with respect to said data signal to establish and 
maintain frame synchronization; 
said first means including 

a second source of bit rate clock synchronous with the 

bits of said data signal; 
a first divider and timing signal generator to provide said 
first predetermined timing signal, certain others of said 
timing signals and a frame rate clock; 
first logic circuitry coupled between said second source 
and said first divider and generator responsive to the 
output of said third means to control the coupling of 
said bit rate clock to said first divider and generator to 
control the phase of said certain others of said timing 
signals, said first predetermined timing signal and said 
frame rate clock; 
a second divider and timing signal generator to provide 
said second predetermined timing signal and additional 
ones of said timing signals; and 
second logic circuitry coupled between said first and 
second divider and generator responsive to the output 
of said third means to control the coupling of said 
frame rate clock to said second divider and generator 
to control the phase of said additional ones of said tim- 
ing signals and said second predetermined timing 
signal; 



01/16/2004, EAST Version: 1.4.1 



13 



3,662,114 



said second means including 

a first detector coupled to said first source and said first 
divider and generator responsive to said first predeter- 
mined timing signal and said data signal to produce said 
first control signal; and 5 
a second detector coupled to said first source and said 
second divider and generator responsive to said second 
predetermined timing signal and said data signal to 
produce said second control signal; and 
said third means including 10 
a first sampling circuit coupled to said first detector to 
sample said first control signal to provide a first output 
signal coupled to said first logic circuitry and a second 
output signal; 

15 
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a first integration circuit coupled to said first sampling 
circuit responsive to said second output signal to pro- 
vide a third output signal coupled to said first logic cir- 
cuitry; 

a second sampling circuit coupled to said second detector 
to sample said second control signal to provide a fourth 
output signal coupled to said second logic circuitry and 
a fifth output signal; and 

a second integration circuit coupled to said second sam- 
pling circuit responsive to said fifth output signal to 
provide a sixth output signal coupled to said first and 
second logic circuitry. 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



70 



75 



01/16/2004, EAST version: 1,4.1 



